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,/fi — 2 2 2 218 2)58 2l_36 2 21 140 2. 

Here is material for 15 trapeziums of the kind required. 

,/fi B 4.9 485 4801 4 7 5.2 6 410449. 4S4.09.65 

l/o— tj fo 198 rfro Titos Itsof o I9irii*8- 

These convergents furnish material for 21 trapeziums. 

1/7=1, ?• 4. I- «, «, If. -W. Ml. IB. W. -¥«¥• MM. -V*W, Wtf . 

Hi If > We¥r> -WfW- ^ n tne nme 0( *d convergents may be found the roots of 
36 trapeziums. In the 2d, 6th, 10th, 14th, 18th, the roots of 10 trapeziums, and 
in the 4th, 8th, 12th, 16th, the seed-corn of 6 trapeziums of the kind desired. 

Also solved by Q. B. M. ZEBU. 

Note. Professor Zerr's solution of No. 60 is splendid, but he has left out a very difficult part of the 
solution, and has not referred us to the solution elsewhere, ft, k, I, m, n, and p must be so ta&en that 
the sum of their fifth powers is a perfect fifth power, and I do not remember where I can find a solution 
of that question. J. H. Drummond. 



MISCELLANEOUS. 

59. II. Solution by C. W. M. BLACK, A. M„ Professor of Mathematics, Wesleyan Academy, Wilbraham, 
Mass. 

[See problem and solution I, in May number, page 156.] Consider the 
rays of light in a plane parallel to the axis of cylinder. It is easily seen that 
they are all reflected from an element of the cylinder, parallel and in another 
plane which together with the given plane makes equal angles with the normal 
plane along the reflecting element. These planes of reflection, being all perpen- 
dicular to the base, will intersect in lines perpendicular to the base, and the lo- 
cus of the ultimate intersections of adjacent planes will be a caustic cylinder 
whose elements are perpendicular to the base of the given cylinder. As the di- 
rection of the rays of light is still oblique the intersection of the caustic cylinder 
with the base will be a luminous curve. The elevation of the sun does not affect 
the positions of the planes of light, and so does not affect the form of the caustic 
cylinder or of the luminous curve. 

The curve is the envelope of the projection upon the base of the successive 
planes of light. Let circle represent base of cylinder, AB projection of incident 
plane, BO of reflected plane, AB being parallel to axis of X (see figure in May 
number, page 156.) 

OB=r, lABO=l.CBO=ABOK--=a, BKX=2a. Equation to BK is 
y=(x— OK)t&n2a—(%— $rseca0tan2fl\ 

Let tana=a. Then i/=|>— lri/(l + a«)][(2a)/(l--a*)] (1). 

Differentiating with reference to a, equating to zero, and clearing of frac- 
tions, we have 

(a*--l)a*r + 2a:(l + a*)i -r(l + a 2 ) s --=0 ; 

whence x/r=(l + 3a 2 )/[2(l +a s )» ]. Substituting in (1), 

2//r--={(l+3a 8 )/[2(l-+a 2 )i]-[(l+a''')5/2]}[(2a)/(l-a !! )]=«V(l + a s )l. 

.-. (y/ r )l =a/(l-f a 8 )* ; (y/r)i =a 2 /(l + « 2 ). 

a»=(y/r)l /[l-(y/r)i ]; r /(l +a«)=l/|/[l-(y/r)i ] (2). 
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l-o*=[l-2(3//r)? ]/[l-(y/r)« ]. 

oA1-o»=(»/r)l i/[l-(y/r)3 ]/[l-2(y/r)l ] (3). 

Substitute (2) and (3) in (1), 

„-( r \ * 2W* T/[l-(y/r)i ] , 

*-\* 2 1 /[l-(2//r)S]/ l-2(jf/r)l 

y[l-2(y/r)i] r 

2(y/r)» i/[l-(y/r)l ] + 2|/[l-(y/r)i ] ' 

or a:— J(»^ + 2y3 )i/(rJ — yi ), the equation sought. 

60. Proposed by S. HART WEIGHT, M. D„ A. M„ Pb. D., Penn Tan. N. T. 

When the sun's declination is 23° 27' 15" North— o", in what latitude will 
it shine on the north side of buildings during the first half of the forenoon, and 
on the south side during the other half, and what will be the length of the day ? 

I. Solution by tbe PROPOSER. 

Let P be the north pole, PA a meridian, Z the zenith, HS the horizon, 
the sun rising at S, and describing the small circle arc SB A, during the forenoon, 
reaching A at apparent noon, ZH a prime vertical, bisecting the semi-diurnal arc 
SBA at B, and right-angled at Z, the declination=rf, and latitude— A., tano v =a, 
and tanA==£. 

Then PB=90°-S, PZ=90°-\, and £ZPB=h=the hour-angle at the 
pole, and measures the time of describing the arc BA on the south side of ZH. 

cosA--tanrfcotA=a'j. 

The hour angle measuring SBA=2h, and cos27t=— tantftan\— — a\. But 
cos2h— (2a* 1 /x*)—l=— at X- ■'• X 3 — (£*/«) + 2«=0. Solving this cubic, gives 
a positive root *=2.1099, and A=64° 38' 30". 

.-. h—156° 16' 4"=10 hours, 25 minutes, 4 seconds, and 2ft=20 hours, 
50 minutes, 8 seconds, length of day. 

II. Solution by JOHN M. ARNOLD, Crompton, R. I. 

In the triangle ABC formed by the zenith, the pole, and the sun when 
crossing the prime vertical, 4=90°, B— the hour angle, a— sun's polar distance, 
and c=the co-latitude. 

In the triangle A'B'C formed by the north point of the horizon, the pole, 
and the sun when rising, .4'=90°, 5'=supplement of the hour angle at rising, 
c'=:the latitude, and a'=a=90° — 6=m° 32' 45". 

From trigonometry, cosi?=cotfitanc (1) ; cosB'==cota'tanc' (2) ; 

c' +c=90° . . . .(3). From the conditions of the problem, 5'=180°-25. . . .(4). 
From (2) and (3), cos#'=cot<JCotc. Eliminating cote by (1), cosB'=cot 2 o/cos2<. 
Eliminating cosB' by (4), 2cos 8 B— 1=— (cot 8 «/cos/?). Putting cosB=y and 
substituting the numerical value for cot 2 o, y 3 —iy+. 094118=0. Finding the 
two positive roots of this equation, i/=.5815 and .2056. From the first root 2?= 
54° 27 '=3 hours, 37 minutes, 48 seconds. Length of day=4B=14 hours, 



